Tolerance and physical dependence arising from chronic administration of opioids have been well-documented in various experimental models. However, development of depend ence induced by direct incubation with an agonist in vitro has been restricted to the peripheral organ systems, especially guinea pig ileum (1, 2) and mouse vas deferens (3) . In the CNS, the well-defined intrinsic circuitry of the hippocampal formation has facilitated the study of mechanisms of opioid action on these slices. It is generally accepted that the acute excitatory effects of opiates and opioid pep tides on CAI population spikes have resulted from a reduction in the inhibitory action on pyramidal cells of the CAI region (4) (5) (6) (7) (8) , and that the changes in sensitivity induced by chro nic opioid agonist or antagonist treatment have resulted from changes in the number of functional receptors (9, 10) . Despite the wide spread use of hippocampal slices, only a few reports on its dependence have appeared in the literature (11, 12) . In addition, slices used in these studies must be dissected from chro nically morphinized rats to obtain the with drawal responses. The present study was undertaken to determine whether an acutely acquired dependence could be demonstrable in a hippocampal slice like the one induced in the peripheral organ systems in vitro.
Male Sprague-Dawley rats weighing 130 to 180 g were anesthetized lightly with ether and decapitated. Both hippocampi were dissected free and sliced manually into about 400 ,urn nominal thickness at ambient temperature. The slices were immersed in medium at ambient temperature and then immediately transferred to a water bath at 30 34°C. Slices were preincubated for 30 min prior to use in the recording chamber. The composition of the medium was as follows: 124 mM NaCI, 5 mM KCI, 1.25 mM KH2PO4, 2.0 mM MgSO4, 2 mM CaC12, 26 mM NaHCO3, and 10 mM glucose. The medium was always equilibrated with 95% 02/5% CO2. The pH was 7.3-7.4. For electrophysiological studies, slices were transferred singly to a recording chamber (2 ml) and continuously perfused at a rate of approximately 1 ml/min with the same medium as described above at 30-34°C. Glass micropipettes filled with 2 M NaCI to give a resistance of 2 5 M0 were used as either the extracellular stimulating or recording elec trode. A stimulating electrode was placed among the afferent fibers of the stratum radiatum and used to stimulate orthodromical ly pyramidal cells of the CAI region. A re cording electrode was placed in the stratum pyramidale for population spike recording. Stimuli consisted of constant voltage negative square-wave pulses (400,usec) at a frequency of 2 Hz. The stimulating voltage was adjusted so as to give 3 mV of control response, the value of which corresponded to nearly half the maximal response. Measurements were made of the peak-to-peak size of the population spike ( Fig. 1, inset) . Morphine (Takeda) and naloxone (Sigma) were freshly dissolved in the medium prior to testing of the drugs. Statistical analysis of the data was performed by means of one-way analysis of variance (ANOVA) followed by Dunnett's test. The relation between the preincubation time with morphine and the efficacy of naloxone was ex amined to ascertain the existence of morphine tolerance and/or dependence on CAI field potentials in the rat hippocampal slice. Figure 1 shows the time-course of mor phine and naloxone effects on the population spike. In the CAI region, since long-term potentiation (LTP) is induced when the time interval between stimuli is shorter than 200 msec (13), we selected 2 Hz (interval 500 msec) as the stimulus frequency to eliminate the possibility of LTP induction. After the am plitude of the response was adjusted to 3 mV in control medium, averaged control (0) re sponses (n = 10 stimulus) were sampled every 5 min until the value became stable (three suc cessive values = 3.0 ± 0.2 mV). Then the perfusion medium was replaced by the one containing morphine (•) (10,uM) . This medium increased the population spike ampli tude time-dependently and the increment reached a plateau (about 150% of control) within 10-20 min. The levels of excitation were maintained at a constant level thereafter (to 60 min). These findings mean that no tolerance or desensitization developed during brief exposure of the slices to this concentra tion of morphine. At various incubation times with morphine, the medium was replaced by another one (X) containing morphine (10 ,uM) and naloxone (10 ,uM) for ten minutes. In addition, especially at 60-min contact with morphine, the medium was also replaced by naloxone alone (10,uM) (o) or the normal medium (0) for studying the nature of the withdrawal-like response. Responses were sampled every 2.5 min because the amplitude decreased rapidly after the application of nal oxone. The effects of naloxone varied with the time of application: when applied to the slices within 10 min of their contact with morphine, it only reversed the response enhanced by morphine. However, when naloxone was applied after the slices had longer contact with morphine (more than 20 min), it not only blocked the augmentation but also reduced the response to below the control level (dotted line). Nearly a similar degree of decreased re sponse was also observed by replacing the medium with the one containing naloxone alone (o). However, it was not observed obviously when the medium was replaced with normal medium without naloxone (0). Table 1 .
Effect of morphine and naloxone on the population spike amplitude
The depressed response recovered completely to the control level within 5 min by replace ment with fresh medium without any drugs (0). These results are summarized in Table 1 . Naloxone and morphine did not have any effect on the slices not preincubated with mor phine. However, the slices preincubated with morphine became sensitive to naloxone, and the population spike was inhibited. The de gree of inhibition depended on the preincuba tion time with morphine. It is clear that the naloxone supersensitivity of slices increases with the prolongation of the preincubation period with morphine. Judging from these observations, the decreased response to below the control level may indicate that the with drawal state was acquired very quickly. Nal oxone could induce such a withdrawal-like re sponse, but washout of morphine with the normal medium could not. The latter fact may indicate a crucial difference in the withdrawal mechanisms between acute and chronic treat ment with morphine. However, it was sug gested that the rate of removal of opioids from their receptors was an important deter minant of the magnitude of the withdrawal re sponse in the guinea pig ileum, in which nal oxone induced withdrawal contracture, but washing out of morphine did not (2) . If this assumption is true, the difference in the re sponse between naloxone and washout is ex plicable in terms of the rates of removal of morphine in the hippocampal slices. Naloxone abruptly displaces morphine and therefore rapidly induces the withdrawal-like response. In contrast, morphine is removed relatively slowly by washing, and therefore the withdrawal-like response is decreased and/or masked by the remaining morphine. Such an acutely acquired dependence was seen only in the peripheral organ system (1, 2). Because of its simplicity and the ease of the experimental procedure, the peripheral model system has been used extensively as a substitute for the CNS to study the withdrawal mechanism in the CNS. The present model using the CNS slice preparation may also be useful in these aspects for elucidating the mechanism of opi ate withdrawal response in the CNS.
